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(54) Semiconductor device and method of fabricating thereof 



(57) Transistors may be fabricated by isolating a first 
region (16) of a semiconductor layer from a second 
region (18) of the semiconductor layer (12). A first dis- 
posable gate structure (26) of the first transistor may be 
formed over the first region (16) of the semiconductor 
layer (12). A second disposable gate structure (28) of 
the second, complementary transistor may be formed 
over the second region (18) of the semiconductor layer 
(12). A capping layer (60) may be formed over the first 
and second regions (16, 18) including the first and sec- 
ond disposable gate structures (26. 28). A portion (62, 
64) of the first and second disposable gate structures 
(26. 28) may be exposed through the capping layer (60). 
A second disposable gate cap (66) may be formed over 
the exposed portion (64) of the second disposable gate 



60 "Nf- 



structure (28) and at least part of the first disposable 
gate structure (26) removed. A first gate structure (70) 
of the first transistor may be formed in the place of 
removed part of the first disposable gate structure. In 
one embodiment, a second gate structure (80) of the 
second transistor may comprise the second disposable 
gate structure (28). In another embodiment, a first dis- 
posable gate cap (76) may be formed over the exposed 
portion (78) of the first gate structure and the second 
disposable gate cap (66) over the second disposable 
gate structure (28) may be removed. The second gate 
structure (80) of the second transistor may then be 
formed in the place of the removed second disposable 
gate structure (26). 




FIG. 11 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to the field of 
semiconductor devices, and more particularly to transis- 
tors with independently formed gate structures and 
method. 

BACKGROUND OF THE INVENTION 

[0002] Modern electronic equipment such as televi- 
sions, telephones, radios and computers are generally 
constructed of solid state devices. Solid state devices 
are preferred in electronic equipment because they are 
extremely small and relatively inexpensive. Additionally, 
solid state devices are very reliable because they have 
no moving parts, but are based on the movement of 
charge carriers. 

[0003] Solid state devices include transistors, capaci- 
tors, resistors and the like. One type of transistor is com- 
plementary metal oxide semiconductor (CMOS) 
transistors. CMOS transistors comprise a pair of tran- 
sistors of opposite type used together. CMOS transis- 
tors may be used for low-dissipation logic circuits and 
the like. 

[0004] The gates of CMOS transistors are typically 
constructed of a neutral material and later doped to 
opposite types such as n-type and p-type. The neutral 
gate material is generally a material that will not 
adversely affect the performance of either type of gate. 
As a result, the gate material may not be particularly 
well suited for either type gate. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, a need has arisen in the art for 
improved complementary metal oxide semiconductor 
(CMOS) and other types of transistors. The present 
invention provides transistors with independently 
formed gate structures and method that substantially 
eliminate or reduce the disadvantages and problems 
associated with prior transistors. 
[0006] In accordance with the present invention, a 
semiconductor device may be fabricated by isolating a 
first region of a semiconductor layer from a second 
region of the semiconductor layer. A first disposable 
gate structure of a first transistor may be formed over 
the first region of the semiconductor layer. A second dis- 
posable gate structure of a second, complementary 
transistor may be formed over the second region of the 
semiconductor layer. A capping layer may be formed 
over the first and second regions including the first and 
second disposable gate structures. A portion of the first 
and second disposable gate structures may be exposed 
through the capping layer. A second disposable gate 
cap may be formed over the exposed portion of the sec- 
ond disposable gate structure and at least part of the 



first disposable gate structure may be removed. At least 
part of a first gate structure of the first transistor may be 
formed in the place of removed part of the first disposa- 
ble gate structure. 

s [0007] More specifically, in accordance with one 
embodiment of the present invention, a second gate 
structure of the second transistor may comprise the 
second disposable gate structure. In another embodi- 
ment, a first disposable gate cap may be formed over an 

io exposed portion of the first gate structure. The second 
disposable gate cap over the second disposable gate 
structure and at least part of the second disposable 
gate structure may then be removed. At least part of a 
second gate structure of the second transistor may then 

15 be formed in the place of the removed part of the sec- 
ond disposable gate structure. 
[0008] In one embodiment, the first gate structure of 
the first transistor may comprise an in-situ doped first 
gate body. The second gate structure of the second 

20 transistor may comprise an in-situ doped second gate 
body. In this embodiment, the first and second gate bod- 
ies may each comprise pdysilicon material. 
[0009] In accordance with another embodiment of the 
present invention, a first gate body of the first gate struc- 

25 ture may comprise a first material. A second gate body 
of the second gate structure may comprise a second, 
disparate material. In this embodiment, the first and 
second materials may comprise disparate metals such 
as platinum and aluminum. 

30 [001 0] In accordance with another embodiment of the 
present invention, a first gate body of the first gate struc- 
ture may comprise a first material. A second gate body 
of the second gate structure may comprise a second, 
disparate material. In this embodiment, the first material 

35 may comprise p-type doped non-crystalline material 
comprised in part of silicon or of a silicon-germanium 
composition. The second material may comprise alumi- 
num. 

[001 1 ] In accordance with another embodiment of the 

40 present invention, a first gate body of the first gate struc- 
ture may comprise a first material. A second gate body 
of the second gate structure may comprise a second, 
disparate material. In this embodiment, the first material 
remains as the original gate material and may comprise 

45 p-type doped non-crystalline material comprised in part 
of silicon or of a silicon-germanium composition. The 
second material may comprise aluminum or n-type 
doped non-crystalline material comprised in part of siS- 
con or of a silicon-germanium composition. 

50 [001 2] In accordance with another embodiment of the 
present invention, a first gate body of the first gate struc- 
ture may comprise a first material. A second gate body 
of the second gate structure may comprise a second, 
disparate material. In this embodiment, the first material 

55 remains as the original gate material and may comprise 
n-type doped non-crystalline material comprised in part 
of silicon or of a silicon-germanium composition. The 
second material may comprise platinum or p-type 
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doped non-crystalline material comprised in part of sili- 
con or of a silicon-germanium composition. 
[001 3] in accordance with another embodiment of the 
present invention, a first gate body of the first gate struc- 
ture may comprise a first material. A second gate body s 
and/or second gate dielectric of the second gate struc- 
ture may comprise a second, disparate material for the 
gate material and/or the gate dielectric. In this embodi- 
ment, the first material remains as the original gate 
materia! and may comprise n-type doped non-crystal- io 
line material comprised in part of silicon or of a silicon- 
germanium composition. The first gate dielectric mate- 
rial remains as the original gate dielectric and may com- 
prise oxide. The second material may comprise 
platinum or p-type doped non-crystalline material com- 75 
prised in part of silicon or of a silicon-germanium com- 
position. The second gate dielectric material may 
comprise an oxide/nitride composite or nitride. 
[0014] Important technical advantages of the present 
invention include providing transistors with independ- 20 
errtly formed gate structures. In particular, gate bodies 
and/or dielectrics of the transistors may be independ- 
ently formed. The transistors may be complementary 
transistors. Accordingly, the gate structure of each tran- 
sistor may be formed without regard to material and/or 25 
processes of the other. 

[0015] Another technical advantage of the present 
invention includes providing in-srtu formed gate bodies 
for the transistors. In particular, a first gate body of a first 
transistor may be in-srtu doped prior to formation of the 30 
second gate structure of the second transistor. The sec- 
ond gate structure of the second transistor may be in- 
srtu doped while the first gate body is protectively 
capped. Accordingly, additional masking ahd doping 
steps need not be conducted during the fabrication 35 
process. 

[001 6] Still another technical advantage of the present 
invention includes providing in-situ doped source and 
drain regions for the transistors. In particular, the source 
and drain of one of the transistors may be in-situ doped ao 
while the other complementary transistor is masked. 
The newly formed source and drain of the first transistor 
may then be masked while the source and drain of the 
second transistor is in-situ doped. Accordingly, the 
source and drains of each of the transistors may be 45 
independently formed without regard to the materials 
and/or processes of the other. 
[001 7] Yet another technical advantage of the present 
invention includes providing transistors having gate 
bodies of disparate materials. In particular, the gate so 
body of the first transistor may be formed prior to that of 
the second transistor. The gate body of the second tran- 
sistor may be formed while the gate body of the first 
transistor is protectively capped. Accordingly, the gate 
bodies of the transistor may each comprise materials ss 
well suited for their type of transistor. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more complete understanding of the 
present invention and its advantages thereof, reference 
is now made to the following description taken in con- 
junction with the accompanying drawings, wherein like 
reference numerals represent like parts, in which: 

FIGURES 1 A-l are a series of schematic cross-sec- 
tional diagrams illustrating fabrication of comple- 
mentary transistors with independently formed gate 
structures in accordance with an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The preferred embodiments of the present 
invention and its advantages are best understood by 
referring now in more detail to FIGURES 1A-I of the 
drawings, in which like numerals refer to like parts 
throughout the several views. FIGURES 1A-I illustrate 
fabrication of complementary metal oxide semiconduc- 
tor (CMOS) field effect transistors (FET) with independ- 
ently formed gate structures. As described in more 
detail below, the independently formed gate structures 
may comprise disparate and/or in-situ doped materials. 
The materials of each gate structure may be well suited 
for the type of transistor in which it is used. 
[0020] FIGURE 1 A illustrates an initial semiconductor 
structure 10 for constructing the complementary tran- 
sistors in accordance with an embodiment of the 
present invention. The complementary transistors may 
be of a deep sub-micron gate length, tenth-micron and 
below. It will be understood that the complementary 
transistors may be otherwise sized. It will be further 
understood that non-complementary transistors may be 
used. 

[0021] The initial semiconductor structure 10 may 
comprise a semiconductor layer 12. The semiconductor 
layer 12 may be a substrate such as a wafer. In this 
embodiment, the semiconductor layer 12 may comprise 
a single-crystalline silicon material. It will be understood 
that the semiconductor layer 12 may also be a layer of 
semiconductor material formed on a substrate. For 
example, the semiconductor layer 12 may be an epitax- 
ial layer grown on a wafer, a semiconductor on insula- 
tion (SOI) system, and the like. 
[0022] In one embodiment described in detail below, 
the first transistor may comprise a p-type transistor and 
the second transistor may comprise an n-type transis- 
tor. In this embodiment, the first region 16 may comprise 
an n-well 20 formed in the semiconductor layer 12 and 
the second region 18 may comprise a p-well 22 formed 
in the semiconductor layer 12. The n-well 20 may com- 
prise the single-crystalline silicon material of the semi- 
conductor layer 1 2 doped with an n-type dopant such as 
phosphorus, arsenic or antimony. The p-well 22 may 
comprise the single-crystalline silicon material of the 
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semiconductor layer 12 doped with a p-type dopant 
such as boron. It will be understood that other types of 
transistors may be fabricated within the scope of the 
present invention. For example, the transistors may both 
be n-type transistors or p-type transistors. It will be fur- 
ther understood that the semiconductor layer 12 may 
comprise other materials or be otherwise doped. 
[0023] An isolation structure 1 4 may be formed in the 
semiconductor layer 12. The isolation structure 14 may 
separate the semiconductor layer 12 into a first region 
16 and a second region 18. For sub-micron applica- 
tions, the isolation structure 14 may comprise a shallow 
trench isolation structure. It will be understood that other 
types of isolation structures may be used. 
[0024] A first disposable gate structure 26 may be 
formed over the first region 16 of the semiconductor 
layer 12. Similarly, a second disposable gate structure 
28 may be formed over the second region 18 of the 
semiconductor layer 12. The gate structures 26 and 28 
are disposable in that one or more gates may be later 
removed and replaced. However, disposable gate struc- 
ture 26 or 28 may remain as a gate structure. 
[0025] In one embodiment, the first and second dis- 
posable gate structures 26 and 28 may be formed by 
the same processing steps and comprise the same 
materials. In this embodiment, the first and second dis- 
posable gate structures 26 and 28 may each comprise 
a buffer segment 30, a readily etchable segment 32 and 
a cap segment 34. As described in more detail below, 
the readily etchable segment 32 may allow the disposa- 
ble gate structures 26 and/or 28 to be easily removed. 
The buffer segment 30 may be disposed between the 
readily etchable segment 32 and the semiconductor 
layer 12 to prevent etching of the semiconductor layer 
12 during removal of the readily etchable segment 32. 
The cap segment 34 may be disposed over the readily 
etchable segment 32 to prevent growth, salicidation, or 
other processing of the readily etchable segment 32 
during subsequent processing steps to form the source 
and drains of the complementary transistors. 
[0026] In one embodiment, the buffer segment 30 may 
comprise the gate dielectric of one or both of the tran- 
sistors. In this embodiment, the buffer segment 30 may 
comprise a composite oxide nitride, a nitride or the like. 
In another embodiment, the buffer segment 30 may be 
removed and replaced with a gate dielectric. In this 
embodiment, the buffer segment 30 may comprise an 
oxide, silicon-germanium, or the like. In these and other 
embodiments, the buffer segments 30 may be part of a 
buffer layer 31 disposed over the semiconductor layer 
12. The buffer layer 31 may act as an etch stop during 
formation of the disposable gate structures 26 and 28. 
[0027] In one embodiment, the readily etchable seg- 
ment 32 may comprise the gate body of one of the tran- 
sistors. In this embodiment, the readily etchable 
segment 32 may comprise non-crystalline silicon or sili- 
con-germanium in-situ or implant doped with p-type 
dopants such as boron where the readily etchable seg- 



ment 32 will form the gate body of a p-type transistor or 
semiconductor material in-situ or implant doped n-type 
dopants such as arsenic or phosphorus where the read- 
ily etchable segment 32 will form the gate body of an n- 

5 type transistor. In another embodiment, the readily etch- 
able segments 32 may be removed and replaced with a 
gate body of the transistor. In this embodiment, the 
readily etchable segment 32 may comprise a non- 
nitride material such as silicon, silicon-germanium and 

w the like. The materials of the buffer segment 30 and 
readily etchable segment 32 should be relatively etcha- 
ble with respect to each other to allow the buffer seg- 
ment 30 to act as an etch stop to etching- of the readily 
etchable segment 32. The cap segment 34 may com- 

75 prise a dielectric such as oxide. It will be understood 
that the buffer segment 30. readily etchable segment 32 
and capped segment 34 may comprise other materials. 
It will be further understood that the disposable gate 
structures 26 and 28 may comprise other materials 

20 and/or layers. 

[0028] Referring to FIGURE 1 B, an insulating layer 40 
may be formed over the first and second regions 1 6 and 
18. A sidewall re-oxidation may be performed prior to 
formation of the insulating layer 40. The re-oxidation 

25 may rebuild edges of the buffer segment 30 that were 
etched in forming the disposable gate structures 26 and 
28 and grow along edges of the readily etchable seg- 
ments 32. 

[0029] In one embodiment the insulating layer 40 may 
30 be deposited over the semiconductor layer 12 and the 
disposable gate structures 26 and 28. In this embodi- 
ment, the insulating layer 40 may be deposited on the 
buffer layer 31 and disposable gate structures 26 and 
28. The insulating layer 40 may comprise an oxide layer, 
35 a nitride layer or the like. The insulating layer 40 may be 
between 50-150 angstroms thick, tt will be understood 
that the insulating layer 40 may comprise other materi- 
als and thicknesses capable of insulating semiconduc- 
tor elements. 

40 [0030] Referring to FIGURE 1C, a portion of the insu- 
lating layer 40 over the first region 16 may be removed 
to leave a first side wall insulator 42 about the first dis- 
posable gate structure 26. In one embodiment this may 
be accomplished by masking the insulating layer 40 

45 over the second region 18 and anisotropically etching 
the insulation layer 40 over the first region 16. It will be 
understood that the first side wall insulator 42 may be 
otherwise formed. A portion of the buffer layer 31 over 
the first region 16 may also be removed to expoGe the 

so semiconductor layer 12 in the first region 16. In one 
embodiment, the portion of the buffer layer 31 over the 
first region 16 may be removed by the anisotropic etch 
used to remove the portion of the insulating layer 40 
over the first region 16. 

55 [0031] A source 44 and a drain 46 may next be formed 
for the first transistor. In one embodiment, as shown by 
FIGURE 1 C, the source 44 and drain 46 may be raised. 
In this embodiment, the raised source 44 and drain 46 
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may comprise a doped epitaxial layer of silicon or sili- 
con-germanium formed over the first region 16 of the 
semiconductor layer 12 adjacent to the disposable gate 
structure 26. Preferably, the raised source 44 and drain 
46 are in-situ doped by appropriate means of deposi- 5 
tion. Alternatively, the source 44 and drain 46 may be 
doped after deposition by means such as implant. 
[0032] For the p-type transistor formed in the first 
region 16 of the semiconductor layer 12, the epitaxial 
silicon layer may be doped with a p-type dopant such as 10 
boron. Alternatively, the epitaxial silicon layer may be 
doped with dual dopants comprising p+ dopants over n 
dopants. It will be understood that the source 44 and 
drain 46 may comprise other dopants. It will be further 
understood that the source 44 and drain 46 may be oth- is 
erwise formed. 

[0033] Referring to FIGURE 10, the portion of the 
insulating layer 40 over the second region 18 may be 
removed to leave a second side wall insulator 50 about 
the second disposable gate structure 28. As previously 20 
described, this may be accomplished by anisotropically 
etching the insulation layer 40 over the second region 
18. It will be understood that the second side wall insu- 
lator 50 may be otherwise formed. A portion of the 
buffer layer 31 over the second region 18 may also be 2s 
removed to expose the semiconductor layer 12 in the 
second region 18. In one embodiment, this portion may 
be removed by the anisotropic etch used to remove the 
portion of the insulating layer 40 over the second region 
18. 30 
[0034] A masking layer 52 may be deposited over the 
semiconductor layer 12. The masking layer 52 may pro- 
tect previously formed structures such as the source 44 
and drain 46 of the first transistor from further process- 
ing to form a source and a drain for the second transis- 35 
tor. In one embodiment, the masking layer 52 may cover 
the first disposable gate structure 1 6. first side wall insu- 
lator 42, source 44 and drain 46 of the first transistor. In 
this embodiment, the masking layer 52 may be depos- 
ited over the semiconductor layer 12 and etched from 40 
the second region 18. A portion (not shown) of the 
masking material may remain on the second side wall 
insulator 50 of the second transistor. It will be under- 
stood that the masking layer 52 may be otherwise 
formed. For example, the masking layer 52 may be 45 
deposited prior to removal of the insulating and buffer 
layers 40 and 31 in the second region 18 and an aniso- 
tropic etch to remove masking, insulating and buffer lay- 
ers 52, 40 and 31 from the second region 18 at the 
same time. so 
[0035] The masking layer 52 may comprise a layer of 
nitride, tn this embodiment, the nitride layer may be 
approximately 50-100 angstroms thick. It will be under- 
stood that the masking layer 52 may comprise other 
materials not subject to epitaxial growth. 55 
[0036] A source 54 and a drain 56 may next be formed 
for the second transistor. In one embodiment, as shown 
by FIGURE 1D, the source 54 and drain 56 may be 



raised. As previously described in connection with the 
raised source 44 and drain 46 of the first transistor, the 
raised source 54 and drain 56 may comprise a doped 
epitaxial layer of silicon or silicon-germanium formed 
over the second region 1 8 of the semiconductor layer 1 2 
adjacent to the disposable gate 28. Preferably, the 
raised source 54 and drain 56 are in-srtu doped by 
appropriate means of depositions. Alternatively, the 
source 54 and drain 56 may be doped after deposition 
by means such as implant. 

[0037] For the n-type transistor formed in the second 
region 18 of the semiconductor layer 12, the epitaxial 
silicon layer may be doped with an n-type dopant such 
as phosphorous, arsenic or antimony. Alternatively, the 
epitaxial silicon layer may be doped with dual dopants 
comprising n+ dopants over p dopants. It will be under- 
stood that the source 54 and drain 56 of the second 
transistor may be otherwise formed. 
[0038] The masking layer 52 may be removed at this 
point. In one embodiment, the masking layer 52 may be 
removed by a conventional anisotropic etch. A portion 
(not shown) of the masking material may remain on the 
first side wall insulator 42 of the first transistor. It will be 
understood that the masking layer 52 may be otherwise 
removed. 

[0039] After the masking layer 52 has been removed, 
the raised sources 44 and 54 and drains 46 and 56 may 
be further processed. For example, in the single or dual 
doped source and drain embodiment, the sources 44 
and 54 and drains 46 and 56 may be subjected to rapid 
thermal annealing (RTA) to diffuse the dopants depend- 
ing on desired gate to source and drain overlap. It will be 
understood that the raised sources 44 and 54 and 
drains 46 and 56 may be otherwise processed. 
[0040] The sources 44 and 54 and drains 46 and 56 
may also be cladded. The cladding forms a low resist- 
ance material over the raised source 44 and 54 and 
drains 46 and 56 by means of salictdation or formation 
of a metal layer over a portion of the raised source 44 
and 54 and drains 46 and 56. Cladding at this stage 
prior to formation of the gate structures of the first and 
second transistors may reduce later heat treatments to 
which the gate structures are subject 
[0041] Referring to FIGURE 1E. a capping layer 60 
may be formed over the first and second regions 16 and 
18 of the semiconductor layer 12 exposing a portion 62 
of the first disposable gate structure 26 and a portion 64 
of the second disposable gate structure 28. In one 
embodiment, the capping layer 60 may be deposited 
directly onto the semiconductor structure and 
planar ized to expose the readily etchable segments 32 
of the first and second disposable gate structures 26 
and 28 In this embodiment, the capping layer 60 may 
be deposited to substantially the level of the cap seg- 
ments 34 or higher and then planarized down to the 
level of the readily etchable segments 32. it will be 
understood that the capping layer 60 e^osing portions 
of the first and second disposable gate structures 26 
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and 28 may be otherwise formed. 
[0042] In one embodiment, the capping layer 60 may 
comprise an oxide. In this embodiment, the capping 
layer 60 may be deposited by a chemical vapor deposi- 
tion (CVD) process and be planarized by a chemical- 
mechanical polish (CMP), etch back or the like. It will be 
understood that the capping layer 60 may comprise 
other materials, be otherwise deposited, planarized 
and/or etched to expose a portion of the first and sec- 
ond disposable gate structures 26 and 28. 
[0043] Referring to FIGURE IF, a cap 66 may be 
formed over the exposed portion 64 of the second dis- 
posable gate 28. In one embodiment, the cap 66 may 
comprise oxide, nitride or other material selectively 
etchable with respect to the material of the disposable 
gates. In the nitride embodiment, the cap 66 may be 50- 
500 angstroms thick. Accordingly as described in more 
detail below, the first disposable gate structure 26 may 
be removed without removing the second disposable 
gate structure 28 protected by the cap 66. 
[0044] The first disposable gate structure 26 may next 
be removed. During removal of the first disposable gate 
structure 26, the cap 66 will protect the second dispos- 
able gate structure 28. In one embodiment, the readily 
etchable segment 32 of the first disposable gate struc- 
ture 26 may be removed by etching. As previously 
described, the buffer segment 30 will prevent the etch of 
the readily etchable segment 32 from damaging the 
semiconductor layer 12. After the readily etchable seg- 
ment 32 has been removed, the buffer segment 30 may 
in one embodiment be removed by a different etch. In 
this embodiment, the etch used to remove the buffer 
segment 30 is preferably highly selective to silicon such 
that H will not damage the substrate layer 12. It will be 
understood that the first disposable gate structure 26 
may be otherwise removed. It will be further understood 
that the buffer segment 30 may remain as the gate die- 
lectric of the transistor. 

[0045] Referring to FIGURE 1 G, a first gate structure 
70 may be formed in the place of the removed first dis- 
posable gate structure 26. In one embodiment, the gate 
structure 70 may comprise a gate insulator 72 and a 
gate body 74. The gate insulator 72 may be disposed 
between the gate body 74 and the semiconductor layer 
12. It will be understood that the gate structure 70 may 
be otherwise configured. 

[0046] In one embodiment, as previously described, 
the gate insulator 72 may comprise the buffer segment 
30. In the embodiment where the buffer segment 30 is 
removed, the gate insulator 72 may be deposited, 
grown or otherwise formed. In this embodiment, the 
gate insulator 72 may comprise a grown oxide such as 
silicon dioxide, a deposited oxide, a deposited dielectric 
such as nitride or tantalum oxide, a nrtrided dielectric 
formed by means such as remote plasma nitridation or 
other conventional nitridation processes. It will be 
understood that the gate insulator 72 may comprise 
other dielectric materials capable of insulating the gate 



body 74 from the semiconductor layer 12. 
[0047] In one embodiment, the gate body 74 may be 
etched to form a T-gate and/or planarized to form a non 
T-gate. Methods such as selective epitaxial deposition 

5 on the non T-gate can result in formation of a T-gate due 
to epitaxial overgrowth. The gate body 74 may conrprise 
a material selected to maximize operation of the p-type 
first transistor. In one embodiment, the gate body 74 
may comprise polysilicon in-situ doped with p-type 

io dopants such as boron and the like with a material being 
salicided or metal cladded as desired. In another 
embodiment, the gate body 74 may comprise a metallic 
material such as platinum. It will be understood that the 
gate body 74 may comprise other materials. 

15 [0048] In the embodiment where the readily etchable 
segment 32 comprises n-type gate material, the dispos- 
able gate structure 28 may comprise the gate structure 
ol the second gate transistor and need not be removed 
and replaced. In this embodiment, the second cftsposa- 

20 We gate structure may include salictdation. Thus, the 
transistors may comprise independently formed gate 
structures 70 and 28. The independently formed gate 
structures may comprise disparate and/or in-situ doped 
materials well suited for the type of transistors in which 

25 each is used. In an embodiment where the readily etch- 
able segment 32 comprises p-type material, the first dis- 
posable gate structure 26 may be capped and the 
second disposable gate structure 28 removed and 
replaced as previously described for disposable gate 

30 structure 26. Thus, the designations of the first and sec- 
ond transistors as p-type and n-type transistors is for 
illustrative purposes and does not limit the scope of the 
present invention. For example, the transistors may be 
non-complementary transistors. 

35 [0049] Referring to FIGURE 1H, where the second 
disposable gate structure 28 is to be removed, a cap 76 
may be formed over an exposed portion 78 of the first 
gate structure 70. For the embodiment of FIGURE 1H ( 
the exposed portion 78 of the first gate structure 70 may 
40 be the top of the gate body 74. As described in mow 
detail below, the cap 76 may protect the first gate struc- 
ture 70 during formation of the gate structure of the sec- 
ond transistor. 

[0050] The cap 76 should be etchable relative to the 
45 cap 66 and the second gate body 28, Accordingly, the 
cap 66 and second gate body 28 may be removed and 
replaced with a second gate structure of the second 
transistor without affecting the cap 76 and underlying 
first gate structure 70. 
so [0051 ] In one embodiment, the cap 76 may corrprise 
an oxide, a nitride such as silicon nitride or the like. In 
this embodiment, the cap 76 may be 50-500 angstroms 
thick It will be understood that the cap 76 may comprise 
other materials at other thicknesses. 
ss [0052] The cap 66 over the second disposable gate 
structure 28 may then removed to expose the second 
disposable gate structure 28. In one embodiment, the 
cap 66 may be removed by a conventional pattern and 
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etch. It will be understood that the cap 66 may be other- 
wise removed. 

[0053] The second disposable gate structure 28 may 
next be removed. During removal of the second dispos- 
able gate structure 28, the cap 76 may protect the gate 
structure 70 of the first transistor. In one embodiment, 
the readily etchable segment 32 of the second disposa- 
ble gate structure 28 may be removed by etching. As 
previously described, the buffer segment 30 will prevent 
the etch of the readily etchable segment 32 from dam- 
aging the semiconductor layer 12. After the readily etch- 
able segment 32 has been removed, the buffer segment 
30 may in one embodiment be removed by a different 
etch. In this embodiment, the etch used to remove the 
buffer segment 30 is preferably highly selective to sili- 
con such that it will not damage the substrate layer 12. 
It will be understood that the second disposable gate 28 
may be otherwise removed within the scope of the 
present invention. It will be further understood that the 
buffer segment 30 may remain as the gate dielectric of 
the transistor. 

[0054] Referring to FIGURE 1 1, a second gate struc- 
ture 80 may be formed in the place of the removed sec- 
ond disposable gate structure 28. In one embodiment, 
the second gate structure 80 may comprise a gate insu- 
lator 82 and a gate body 84. The gate insulator 82 may 
be disposed between the gate body 84 and the semi- 
conductor layer 12. It will be understood that the second 
gate structure 80 may be otherwise configured. 
[0055] In one embodiment, as previously described, 
the gate insulator 82 may comprise the buffer segment 
30. In the embodiment where the buffer segment 30 is 
removed, the gate insulator 82 may be deposited, 
grown or otherwise formed. In this embodiment, the 
gate insulator 82 may comprise a grown oxide such as 
silicon dioxide, a deposited oxide, a deposited dielectric 
such as nitride or tantalum oxide, a nitrided dielectric 
formed by means such as remote plasma nitridation or 
other conventional nitridation processes. It will be 
understood that the gate insulator 82 may comprise 
other dielectric material capable of insulating the gate 
body 84 from the semiconductor layer 12. 
[0056] In one embodiment the gate body 84 may be 
etched to form a T-gate and/or planarized to form a non 
T-gate. Methods such as selective epitaxial deposition 
on the non T-gate can result in formation of a T-gate due 
to epitaxial over growth. The gate body 74 may com- 
prise a material selected to maximize operation of the re- 
type second transistor. In one embodiment, the gate 
body 84 may comprise pofysilicon in-srtu doped with rfc. 
type dopants such as phosphorous, arsenic, antimony 
and the like with the material being salicided or metal 
cladded as desired. In another embodiment, the second 
gate body 84 may comprise a metallic material different 
from the material of the first gate body 74. In this 
embodiment, the second gate body 84 may comprise 
aluminum and the like, ft will be understood that the sec- 
ond gate body 84 may comprise other materials. 



[0057] In one embodiment, the cap 76 over the first 
gate structure 70 may then be removed to expose the 
first gate structure 70. In one embodiment, the cap 76 
maybe removed by conventional pattern and etch. It will 
5 be understood that the cap 76 may be otherwise 
removed. 

[0058] The process of capping and removing all or at 
least part of the disposable gate structures may be 
repeated such that any number of transistors may have 

io independently formed gate structures including gate 
bodies and/or gate dielectrics of the gate structures. 
The independently formed gate structures may com- 
prise disparate and/or in-situ doped materials well 
suited tor the type of transistor in which each is used. 

is The transistors may be complementary transistors or of 
the same type. Additionally, the source and drains of the 
transistors may be independently formed and comprise 
in-srtu doped materials. 

[0059] For the complementary transistors, the n-type 

20 and p-type gates may have an associated gate work- 
function which in part determines the threshold voltage 
of the transistor. The threshold voltage of transistor may 
be determined by such factors including the gate work- 
function, the semiconductor workfunction, and the 

25 dopant concentration in the transistor channel region. 
[0060] As the gate dielectric thickness decreases, the 
dopant concentration in the transistor channel region 
must substantially increase to result in a change of a 
transistor threshold voltage to a desired value. In a limit 

30 of zero dielectric thickness, the dopant concentration in 
the transistor channel region to change a threshold volt- 
age to a desired value would approach the limit of an 
infinite dopant concentration. Thus, as gate dielectric 
thickness is reduced, the control of transistor threshold 

35 voltage by dopant density is increasingly difficult. As a 
result, the threshold voltage or off current of a transistor 
may be adjusted in part by the gate workfunction and 
not only by dopant concentration. Since different gate 
materials or gate types have different associated gate 

40 workf unctions which can thus in part determine transis- 
tor threshold voltage, and due to difficulties in using 
dopant density to control threshold voltage, the transis- 
tors may comprise different gate materials such that 
they may have varying threshold voltages in a circuit. 

45 [0061 ] It is recognized that while an application of dif- 
ferent gate materials or gate types is for CMOS circuits 
tor which there are complementary n-type and p-type 
transistors, and different desired threshold voltages for 
n-type and p-type transistors, many applications for 

so CMOS circuits may require more than simply different 
threshold voltages for n-type and p-type transistors. 
Rather, it may additionally be required that particular n- 
type transistors have themselves different threshold 
voltages at different locations of the circuit with particu- 

55 lar n-type transistors having a low threshold voltage and 
particular n-type transistors having a high threshold 
voltage. Similarly, it may additionally be required that 
particular p-type transistors have themselves different 
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threshold voltages at different locations of the circuit 
with particular p-type transistors having a low threshold 
voltage and particular p-type transistors having a high 
threshold voltage. Thus, the use of varying gate mate- 
rial to set desired threshold voltages may be used for s 
complementary or non-complementary transistors as 
desired for given circuit applications. 
[0062] Gate material that may be of interest for p-type 
MOS devices includes those materials for which the 
gate workfuncton is in the approximate range of 4.7-5.7 io 
electron volts and may include such materials as tung- 
sten (W), platinum (Pt), nickel (Ni), palladium (Pd). 
ruthenium (Ru). titanium nitride (UN), p-type silicon (p- 
Si). or p-type silicon germanium (p-SiGe) with varying 
germanium (Ge) content. Gate material that may be of is 
interest for n-type MOS devices includes those materi- 
als for which the gate workf unction is in the approximate 
range of 3.7-4.7 electron volts and may include such 
materials as aluminum (Al), Copper (Cu), nickel (Ni), 
cobalt (Co), molybdenum (Mo), tungsten (W), titanium 20 
nitride (TiN), n-type silicon (n-Si) or n-type silicon ger- 
manium (n-SiGe). 

[0063] While the above description has discussed pri- 2. 
marily the use of gate material or gate type with a given 
gate workfunction to set a threshold voltage, the gate 2s 
dielectric may. in some cases, be further utilized to in 
part adjust threshold voltage. For example, although it 
has been described that as gate dielectric thickness 
becomes sufficiently small, dopant density cannot suffi- 
ciently be used to adjust threshold voltage, it is noted 30 
that as gate dielectric thickness is increased or 
changed, the threshold voltage can increase for a 
device with the thicker gate dielectric and the same 
dopant density. Thus, transistors having different 
desired threshold voltages can be formed with different 3s 
dielectric thicknesses and/or with different dielectric 
materials having different dielectric constant with the 3. 
different dielectric constants being used to change the 
effective dielectric thickness and thus effective thresh- 
old voltage. Gate dielectrics with varying dielectric con- 40 
stants include oxide, nitride, composite oxide-nitride, 
tantalum pentoxide (Ta205), titanium oxide (TiO) and 
the like. 

[0064] Accordingly, the combinations of varying gate 
workfunction, and/or varying gate electric constant or 45 4. 
thickness can be utilized to adjust or determine thresh- 
old voltages for complementary or non-complementary 
transistors in an integrated circuit. 
[0065] Although the present invention has been 
described with several embodiments, various changes so 5. 
and modifications may be suggested to one skilled in 
the art. 

Claims 

55 6. 

1. A method of fabricating a semiconductor device, 
comprising the steps of: 



isolating a first region of a semiconductor layer 
from a second region of the semiconductor 
layer; 

forming a first disposable gate structure of a 
first transistor over the first region of the semi- 
conductor layer; 

forming a second disposable gate structure of 
a second transistor over the second region of 
the semiconductor layer; 
forming a capping layer over the first and sec- 
ond regions; 

exposing a portion of the first and second dis- 
posable gate structures; 
forming a second disposable gate cap over the 
exposed portion of the second disposable gate 
structure; 

removing at least part of the first disposable 
gate structure; and 

forming at least part of a first gate structure of 
the first transistor in place of the removed part 
of the first disposable gate structure. 

The method of Claim 1. further comprising the 
steps of: 

forming a first disposable gate cap over an 
exposed portion of the first gate structure; 
removing the second disposable gate cap over 
the second disposable gate structure; 
removing at least part of the second disposable 
gate structure; and 

forming at least part of the second gate struc- 
ture of the second transistor in place of the 
removed part of the second disposable gate 
structure. 

The method of Claim 2, wherein the step of forming 
at least part of the first gate structure of the first 
transistor comprises the step of forming a first gate 
body of a first material and wherein the step of 
forming at least part of the second gate structure of 
the second transistor comprises the step of forming 
a second gate body of a second, disparate material. 

The method of Claim 3, wherein the step of forming 
the first gate body of the first material conprises 
forming the first gate body from a material compris- 
ing platinum. 

The method of Claim 3 or Claim 4, wherein the step 
of forming the second gate body of the second 
material comprises forming the second gate body 
from a material comprising aluminum. 

The method of any of Claims 1 to 5. wherein the 
steps of forming the first and second disposable 
gate structures each further comprise the steps of: 
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forming a buffer segment over the semiconduc- by a second gate insuiator. 

tor layer to prevent etching of the semiconduc- 
tor layer during removal of a readily etchable 
segment of the disposable gate structure; and 
forming the readily etchable segment of the 5 
disposable gate structure over the buffer seg- 
ment. 

7. The method of Claim 6, wherein the step of forming 
the readily etchable segment comprises forming 10 
the readily etchable segment from a non-nitride 
material. 

8- The method of Claim 6 or Claim 7, wherein the step 
of forming the capping layer over the first and sec- 75 
ond regions further comprises the steps of: 

depositing the capping layer at least to a level 
of the readily etchable segments of the first and 
second disposable gate structures; and 20 
planarizing the capping layer to expose the 
readily etchable segments of the first and sec- 
ond disposable gate structures. 

9. The method of any of Claims 1 to 8, further com- 25 
prising the steps of: 

forming an insulating layer over the first and 
second regions including the first and second 
disposable gate structures; 
removing a portion of the insulating layer over 
the first region to leave a first sidewall insulator 
about the first disposable gate structure; 
forming a source and a drain of the first transis- 
tor; 

masking the first region including the source 
and drain; 

removing a portion of the insulating layer over 
the second region to leave a second sidewall 
insulator about the second disposable gate 
structure; and 

forming a source and a drain of the second 
transistor. 

10. A semiconductor device, comprising: 45 

a first transistor comprising: 

a first gate body comprising a first material 
and separated from an outer surface of a so 
semiconductor layer by a first gate insula- 
tor; 

a second transistor isolated from the first 
transistor, the second transistor compris- 
ing: and 55 
a second gate body comprising a second, 
disparate material and separated from the 
outer surface of the semiconductor layer 
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(54) Semiconductor device and method of fabricating thereof 



(57) Transistors may be fabricated by isolating a first 
region (16) of a semiconductor layer from a second 
region (18) of the semiconductor layer (12). A first dis- 
posable gate structure (26) of the first transistor may be 
formed over the first region (16) of the semiconductor 
layer (12). A second disposable gate structure (28) of 
the second, complementary transistor may be formed 
over the second region (18) of the semiconductor layer 
(12). A capping layer (60) may be formed over the first 
and second regions (1 6, 1 8) including the first and sec- 
ond disposable gate structures (26, 28). A portion (62, 
64) of the first and second disposable gate structures 
(26, 28) may be exposed through the capping layer (60). 
A second disposable gate cap (66) may be formed over 
the exposed portion (64) of the second disposable gate 
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structure (28) and at least part of the first disposable 
gate structure (26) removed. A first gate structure (70) 
of the first transistor may be formed in the place of 
removed part of the first disposable gate structure. In 
one embodiment, a second gate structure (80) of the 
second transistor may comprise the second disposable 
gate structure (28). In another embodiment, a first dis- 
posable gate cap (76) may be formed over the exposed 
portion (78) of the first gate structure and the second 
disposable gate cap (66) over the second disposable 
gate structure (28) may be removed. The second gate 
structure (80) of the second transistor may then be 
formed in the place of the removed second disposable 
gate structure (28). 
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